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7KH QDWLRQDO H[LVWLQJ VFKRRO KHULWDJH LV ZLGH DQG YDULHV VLJQLILFDQWO\ HJ
PRUSKRORJ\ DJH FRQVWUXFWLRQ FDSDFLW\ HWF DQG PDQ\ LQLWLDWLYHV DUH RQJRLQJ WR
LPSURYH LWV VDIHW\ HQHUJ\ DQG IXQFWLRQDO VLWXDWLRQ ,Q D FDVH VWXG\ UHVHDUFK WKH
0XQLFLSDOLW\ RI 6HUHJQR KDV EHHQ DGRSWHG DV VDPSOH PXQLFLSDOLW\ WR DQDO\]H GDWD
FROOHFWLRQDQGSURFHVVLQJSURFHGXUHVZLWKWKHDLPWRKLJKOLJKWWKHFULWLFDOSRLQWVDQG
WR GHYHORS DQG FRQILJXUH D PDQDJHPHQW V\VWHP DEOH WR EULGJH WKHP 7KH UHVHDUFK
VWDUWVIURPWKHDQDO\VLVRIWKHHQHUJ\SHUIRUPDQFHRIWKHVFKRROEXLOGLQJVSRLQWLQJRXW
WKHPDLQQHHGVDQGZHDNQHVVHV7KHIROORZLQJVWHSLVWKHWUDFNLQJRIWKHPDQDJHPHQW
SURFHGXUHV DQGGDWDRUJDQL]DWLRQ LQWURGXFHG WRGHILQHD VWUXFWXUHRI WKH LQIRUPDWLRQ
DEOH WR VXSSRUW WKHQHZPDQDJHPHQW V\VWHP7KXV DGHVFULSWLRQDQG DSSOLFDWLRQRI
.3, KHOSV WR SURYLGH FOHDU DQG GDWD GULYHQ VWUDWHJLHV IRU WKH LPSURYHPHQW RI WKH
PDQDJHPHQW V\VWHP HQDEOLQJ D FRVW UHGXFWLRQ )LQDOO\ D SURSRVHG QHZ HQHUJ\
PDQDJHPHQWV\VWHPWREHLPSOHPHQWHGZLWKLQWKH0XQLFLSDOLW\SURFHGXUHVGHILQHVD
GDWDEDVH FUXFLDO WR FROOHFW DOO WKH LQIRUPDWLRQ DERXW GLIIHUHQW SURSHUWLHV DQG WKH
HQHUJ\DXGLWSURFHGXUHVWRJDWKHUDQGDQDO\]HWKHKHDWLQJFRVWV7KHV\VWHPLVWHVWHG








,Q ,WDO\ WKH VFKRRO EXLOGLQJV VWRFN LVPDGH RIPRUH WKDQ  EXLOGLQJ XQLWV DQG
RI WKHVHEXLOGLQJVDUH LQQHHGRIPDLQWHQDQFHDQGUHIXUELVKPHQW WRDFKLHYH WKH
UHTXLUHG OHYHOV RI HQYLURQPHQWDO ZHOOEHLQJ KHDOWK DWWUDFWLYHQHVV DQG FRVW





VLJQLILFDQW GLIIHUHQFH LQ VFKRRO EXLOGLQJV FRQGLWLRQ DFFRUGLQJ WR WKHLU ORFDWLRQ
DSSUR[LPDWHO\  RI WKH EXLOGLQJ VWRFN LQ WKH 6RXWK RI ,WDO\ QHHG XUJHQW
PDLQWHQDQFHRSHUDWLRQRUUHIXUELVKPHQWZKLOHLQWKH1RUWKWKHSHUFHQWDJHGHFUHDVHVWR








WKH SXEOLF DGPLQLVWUDWLRQV WR DGRSW D PDQDJHPHQW V\VWHP DEOH WR RSWLPL]H WKH
UHVRXUFHV¶ XVH 7KH FRUH LVVXH IRU WKH H[LVWLQJ EXLOGLQJ KHULWDJHPDQDJHPHQW LV WKH
WRWDOODFNRIDQLQIRUPDWLRQV\VWHPWRFROOHFWDFFRPPRGDWHDQGRUJDQL]HGDWDIRUWKH
GLIIHUHQW EXLOGLQJV DQG RI DQ HIILFLHQW PDQDJHPHQW V\VWHP IRU WKH HQHUJ\
FRQVXPSWLRQ 6WDUWLQJ IURP WKLV VLWXDWLRQ WKH UHVHDUFK IRFXVHV RQ VFKRRO EXLOGLQJV
GDWDFROOHFWLRQDQGSURFHVVLQJSURFHGXUHVRIWKH0XQLFLSDOLW\RI6HUHJQRZLWKWKHDLP
WR KLJKOLJKW WKH FULWLFDO SRLQWV DQG WR GHYHORS DQG FRQILJXUH DQ DVVHW PDQDJHPHQW
V\VWHPDEOHWREULGJHWKHP7KHXUJHQF\RILVVWULFWO\UHODWHGWRWKHGDWDVKRZQLQ)LJ





x ,PSURYHG ILQDQFLDO SHUIRUPDQFH LPSURYLQJ WKH UHWXUQ RQ LQYHVWPHQW DQG
UHGXFLQJ FRVWV FDQ EH DFKLHYHG ZKLOH SUHVHUYLQJ DVVHW YDOXH ZLWKRXW
VDFULILFLQJ WKH VKRUW WHUP RU ORQJWHUP UHDOL]DWLRQ RI 0XQLFLSDOLW\¶V
REMHFWLYHV
x ,QIRUPHGDVVHWLQYHVWPHQWGHFLVLRQHQDEOLQJWKH0XQLFLSDOLW\WRLPSURYHLWV
GHFLVLRQ PDNLQJ DQG HIIHFWLYHO\ EDODQFH FRVWV ULVNV RSSRUWXQLWLHV DQG
SHUIRUPDQFH
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x 'HPRQVWUDWHG VRFLDO UHVSRQVLELOLW\ LPSURYLQJ WKH0XQLFLSDOLW\¶V DELOLW\ WR




Fig. 1: School building stock expenditure in Seregno Municipality (capitalized to 2014) 








LV WKHPDLQSXUSRVHRI WKH0XQLFLSDOLW\VLJQLILFDQW UHVXOWVFDQEHDFKLHYHGQRWRQO\
XQGHUWDNLQJ UHWURILW PHDVXUHV RQ EXLOGLQJV EXW DOVR E\ SURPRWLQJ PRUH FRQVFLRXV
DWWLWXGHVRQWKHSDUWRIXVHUVDUHVHDUFK(1($HVWLPDWHGWKH\FDQUHGXFHWKHLU
FXUUHQW HQHUJ\ FRQVXPSWLRQ E\ &RQYHUVHO\ HQHUJ\ UHWURILW RQ H[LVWLQJ VFKRRO
EXLOGLQJVZKLOHVLJQLILFDQWO\UHGXFLQJIXHOFRQVXPSWLRQJHQHUDWHVDGGLWLRQDOFRVWVRI
FRQVLGHUDEOHPDJQLWXGH,QWKHVHFDVHVWKHSD\EDFNSHULRGPD\EHWRRORQJWRLQYHVW
LQ WKH UHWURILW$ZLGHU UHVHDUFKQRW OLPLWHG WR VFKRRO EXLOGLQJV .XPEDUR÷OX HW DO
 DV LQVWDQFH LQGLFDWHV WKDW HQHUJ\ SULFH FKDQJHV VLJQLILFDQWO\ DIIHFW WKH
SURILWDELOLW\RIUHWURILWLQYHVWPHQWVDQGWKDWKLJKSULFHYRODWLOLW\FUHDWHVDVXEVWDQWLDO
YDOXH RIZDLWLQJPDNLQJ LWPRUH UDWLRQDO WR SRVWSRQH WKH LQYHVWPHQW )XUWKHUPRUH
VLQFHVFKRROVDUHSXEOLFEXLOGLQJV WKDWKRVWD ODUJHQXPEHURIXVHUV WKURXJKRXW WKHLU
OLIHF\FOH LW LVDSSURSULDWH WRVWUHQJWKHQPDLQWHQDQFHVWUDWHJLHVHVSHFLDOO\ LQUHODWLRQ
WRWKHIDFWWKDWRIWHQWKHZHDNQHVVRUODFNWKHUHRIFDQFDXVHWUDJLFFRQVHTXHQFHV7KH
FDVH VWXG\ UHVHDUFK PHWKRG XVHG LQ WKLV VWXG\ LV UHFRJQL]HG <LQ  DV DQ
HPSLULFDO LQTXLU\ WKDW LQYHVWLJDWHV D FRQWHPSRUDU\ SKHQRPHQRQ ZLWKLQ LWV UHDOOLIH






















Heating&gas Electricity tater Maintenance&repair
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(YHU\ LQIRUPDWLRQ DERXW 6HUHJQR¶V HOHYHQ VFKRRO EXLOGLQJV DUH VWRUHG LQ SDSHU
GRFXPHQWVDUFKLYHGLQIROGHUVLQGLIIHUHQWRIILFHVRIWKH0XQLFLSDOLW\7KXVWKHILUVW
VWHSRIWKHUHVHDUFKKDGEHHQWRFROOHFWDOOIROGHUVLQDVLQJOHGDWDURRPDQGWRGLJLQWR
WKHP WR ILQGXVHIXO LQIRUPDWLRQ WREH VWRUHG LQDGDWDEDVH8QIRUWXQDWHO\GDWDZHUH
QRW DYDLODEOH IRU DOO WKH VFKRROV VR VRPH DQDO\VHV KDG EHHQ OLPLWHG WR D VXEVHW RI
VFKRROV
,Q RUGHU WR FRPSDUH HQHUJ\ XVH DQG PDLQWHQDQFH FRVWV RI EXLOGLQJV UHVHDUFKHUV
3pUH]/RPEDUG HW DO  VWDUWHG IURP D EUHDNGRZQ RI EXLOGLQJV¶ VXUIDFH
DFFRUGLQJ WR LWV XVH )LJ  VKRZV WKH XVH RI VXUIDFH LQ HDFK VFKRRO DFFRUGLQJ WR 
FDWHJRULHV&ODVVHV	RIILFHV%DWKURRPVDQGFDQWHHQ*\P	DXGLWRULXP&RUULGRUV
	 SDVVDJHZD\V 6WRUDJH 	 WHFKQLFDO URRPV 7KLV FODVVLILFDWLRQ LV EDVHG RQ D
EUHDNGRZQ RI VFKRRO VSDFHV PDGH XVLQJ 8QLFODVV  DV FODVVLILFDWLRQ V\VWHP




Fig. 2: Space uses in the eleven schools investigated












&ODVVHV	RIILFHV %DWKURRPVDQGFDQWHHQ *\P	DXGLWRULXP &RUULGRUV	SDVVDJHZD\V 6WRUDJH	WHFKQLFDOURRPV
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7KH VR FKRVHQ  FDWHJRULHVZHUH XVHG WR FRPSDUH WKH HIIHFWLYHQHVV RI VSDFH XVDJH
)LJILQGLQJRXWWKDWWKHUHLVDKXJHGLIIHUHQFHDPRQJWKHVFKRROV,IWKHDQDO\VLVLV
IRFXVHG RQO\ RQ WKH VXUIDFH RI WKH FODVVURRPV WKH VFKRRO ZLWK WKH KLJKHVW UDWLR
EHWZHHQVXUIDFHPDQGQXPEHURIVWXGHQWVKDVPRUHVSDFHSHUVWXGHQWWKDQWKH
PHDQDQGWKHRQHZLWKWKHORZHUUDWLRWKDQWKHPHDQ,IWKHDQDO\VLVLVZLGHQHG
WR WKH ZKROH VXUIDFH RI WKH VFKRROV WKH GLIIHUHQFH IURP WKH PHDQ LV HYHQ ELJJHU
VSDQQLQJIURPWR1RWHZRUWK\WKHPHDQVL]HRIWKHVFKRROVLQ6HUHJQRLV
DURXQG  P PRUH WKDQ WKH GRXEOH RI WKH ,WDOLDQ PHDQ DV LQ  ;9,





XVH ILUVW JUDGH VHFRQG JUDGH ZLWK D J\PQDVLXP RU ZLWKRXW ZLWK D FDQWHHQ RU
ZLWKRXW«H[SHQVHVZHUH GLYLGHGE\ WKH ³WHDFKLQJ VXUIDFH´ RI WKH VFKRRO LH WKH
VXUIDFH RI DOO WKH VSDFHV GLUHFWO\ RU LQGLUHFWO\ FRQQHFWHG WR WHDFKLQJ $V LQVWDQFH
FODVVURRPV DQG RIILFHV IRU WHDFKLQJ VWDII ZHUH FRPSXWHG LQ WKH ³WHDFKLQJ VXUIDFH´
ZKLOHWKHDUHDRIFDQWHHQRUJ\PQDVLXPZHUHQRW*LYHQWKHPHDQVL]HRIWKHVFKRROV
LQ6HUHJQRLWLVQRWXQH[SHFWHGWKHILUVWUHVXOWRIWKLVDQDO\VLVWKHDYHUDJHRIWKHWRWDO





VDPH ³WHDFKLQJ VXUIDFH´ VFKRRO QDPHG ³$QGHUVHQ´ KDVPXFK ORZHU H[SHQVHV WKDQ








Fig. 3 Ratio between school surface (m2) and number of students for the schools in Seregno (the dotted line 
is the mean)

Fig. 4 Expenses for electricity (mean of five years capitalized to 2014) according to the surface dedicated to 
teaching activities for each school. The surface of each circle is proportional to the average number of 



































































































Fig. 5 Expenses for heating and gas (mean of five years capitalized to 2014) according to the surface 
dedicated to teaching activities for each school. The surface of each circle is proportional to the average 





WKH DQDO\VLV RQ KHDWLQJ DQG JDV H[SHQVHV GXULQJ WKH \HDUV IURP  WR  DOO
H[SHQVHV FDSLWDOL]HG WR  )RFXVLQJ DJDLQ RQ WKH VDPH WKUHH ELJ VFKRROV LW¶V




ELJJHUJ\PQDVLXPEXWPRVWRI WKHGLIIHUHQFH LVGXH WRZRUVW LQVXODWLRQDQGV\VWHP
HIILFLHQF\ $PRQJ WKH VFKRRO WKDW KRVW D ODUJH QXPEHU RI VWXGHQWV ³5RGDUL´ DQG
³0RUR´KDYHDOPRVW WKH VDPH VXUIDFH DQGHQHUJ\FRVWVEXW WKH ODWWHUKDV VRPHWKLQJ
OLNHRQHKXQGUHGVWXGHQWVOHVVWKDQWKHIRUPHU,IWKHIRFXVLVPRYHGWRVPDOOVFKRRO
³6WRSSDQL´ LV WKH VPDOOHVW EXWPRVW HIILFLHQW KRVWLQJ DW OHDVW VHYHQW\ VWXGHQWVPRUH
WKDQWKHRWKHUVEXWFRQVXPLQJDOPRVWWKHVDPHLQWHUPVRIKHDWLQJDQGJDVFRVWV(YHQ
³0DQ]RQL´VHHPVTXLWHHIILFLHQWEHFDXVH LWKDVVLPLODUFRVWVDV WKHRWKHU WKUHHVPDOO














































Fig. 6 Example of predictive model for energy costs (school “Rodari”)
$OOWKHGDWDDFTXLUHGDQGHODERUDWHGKDGEHHQXVHGWRLPSOHPHQWSUHGLFWLYHPRGHOVIRU
IXWXUH H[SHQVHV +HDWLQJ	JDV(OHFWULFLW\0DLQWHQDQFH VR DV WR VROYH RQHRI WKH
PDLQ0XQLFLSDOLW\¶VSUREOHPWKHUHOLDELOLW\RIFRVWVIRUHFDVW7KLVLVDYHU\VHQVLWLYH
SUREOHP IRU D0XQLFLSDOLW\ EHFDXVH WKH\ DUH DOORZHG WR VSHQGRQO\ WKHPRQH\ WKH\
KDG EXGJHWHG LQ D VSHFLILF GRFXPHQW ³SURJUDPPDELHQQDOH GHJOL DFTXLVWL GL EHQL H
VHUYL]L´ RU ³SURJUDPPD WULHQQDOH GHL ODYRUL SXEEOLFL´ DFFRUGLQJ WR DUW '/JV
)LJVKRZVIRUH[DPSOHWKHOLQHDUPRGHOWREHXVHGWRSUHGLFWKHDWLQJDQG
JDV H[SHQVHV IRU VFKRRO ³5RGDUL´ 0RGHOV OLNH WKLV RQH DUH DYDLODEOH WR WKH
PXQLFLSDOLW\IRUHDFKVFKRRODQGIRUDOOWKHWKUHHW\SHVRIH[SHQVHV
&RQFOXGLQJUHPDUNVRQWKHPDQDJHPHQWV\VWHP
7KH DQDO\VLV RQ KRZ H[SHQVHV IRU VFKRROV ZHUH PDQDJHG LQ WKH 0XQLFLSDOLW\ RI
6HUHJQRSRLQWHGRXW DPDLQ ODFN WKHUHZDVQRPDQDJHPHQW V\VWHP([SHQVHVZHUH
IRUHFDVWZLWKRXW DQ H[DFW NQRZOHGJH RI KRZPXFKZDV VSHQW WKH SUHYLRXV \HDU QR
UHFRUGV ZHUH WDNHQ RQ ZKR GLG ZKDW DQG KRZ PXFK ZDV SDLG IRU PDLQWHQDQFH


































Fig. 7 New workflow for maintenance works
7R LPSURYH WKLV XQEHDUDEOH VLWXDWLRQ QHZ SURFHGXUHV ZHUH VWXGLHG ILUVW DQG
LPSOHPHQWHGWKHQ)LJVKRZVWKHQHZZRUNIORZLQXVHLQ6HUHJQR%HVLGHVDOOWKH
QHZSURFHGXUHV LWKDV WREHSRLQWHGRXW WKDW WKHPRVW LPSRUWDQWHOHPHQW LV WKHQHZ
GDWDEDVHG LPSOHPHQWHG WR FROOHFW DOO GDWD UHFHLYHG DV IHHGEDFN IURP HYHU\
PDLQWHQDQFH RSHUDWLRQ DQG IURP WKH HQHUJ\ SURYLGHUV ERWK HOHFWULFLW\ DQG GLVWULFW
KHDWLQJ RU JDV 7KLV GDWDEDVH ZLOO DOORZ IRU EHWWHU FRVWV IRUHFDVW WKH PRVW XUJHQW
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 %XLOGLQJ%XOOHWLQ%%9HQWLODWLRQRI6FKRRO%XLOGLQJV9HUVLRQ
±WK-XO\KWWSVZZZJRYXNJRYHUQPHQWSXEOLFDWLRQVDFRXVWLFV
OLJKWLQJDQGYHQWLODWLRQLQVFKRROVDFRXVWLFVOLJKWLQJDQGYHQWLODWLRQLQ
VFKRROV
 &KDW]LGLDNRX/0XPRYLF''RFNUHOO-7KH(IIHFWVRI7KHUPDO
&RQGLWLRQVDQG,QGRRU$LU4XDOLW\RQ+HDOWK&RPIRUWDQG&RJQLWLYH
3HUIRUPDQFHRI6WXGHQWV7KH%DUWOHWW8&/)DFXOW\RIWKH%XLOW(QYLURQPHQW
8&/,QVWLWXWHIRU(QYLURQPHQWDO'HVLJQDQG(QJLQHHULQJ/RQGRQ
 'HFUHWROHJLVODWLYRDSULOHQ&RGLFHGHLFRQWUDWWLSXEEOLFL
 'HVLGHUL83URLHWWL6³$QDO\VLVRIHQHUJ\FRQVXPSWLRQLQWKHKLJKVFKRROV
RIDSURYLQFHLQFHQWUDO,WDO\´(QHUJ\DQG%XLOGLQJV
 (1($),5(*XLGDSHULOFRQWHQLPHQWRHQHUJHWLFRQHOOHVFXROH
 ,QWHUQDWLRQDO2UJDQL]DWLRQIRU6WDQGDUGL]DWLRQ,62VHULHV
$VVHWPDQDJHPHQW,62,62DQG,62
 ,VVD0+5DQNLQ$WWDOOD0&KULVWLDQ$-$EVHQWHHLVP
3HUIRUPDQFHDQG2FFXSDQW6DWLVIDFWLRQZLWKWKH,QGRRU(QYLURQPHQWRI*UHHQ
7RURQWR6FKRROV,QGRRUDQG%XLOW(QYLURQPHQW,VVXHSS
.XPEDUR÷OX*0DGOHQHU5(YDOXDWLRQRIHFRQRPLFDOO\RSWLPDO
UHWURILWLQYHVWPHQWRSWLRQVIRUHQHUJ\VDYLQJVLQEXLOGLQJV(QHUJ\DQG
%XLOGLQJV3DJHV±
/HJDPELHQWH;9,5DSSRUWRGL/HJDPELHQWHVXOODTXDOLWDҒ GHOO¶HGLOL]LD
VFRODVWLFDGHOOHVWUXWWXUHHGHLVHUYL]L
/HJJH)HEEUDLRQ3URYYHGLPHQWLSHUOHFRVWUX]LRQLFRQSDUWLFRODUL
SUHVFUL]LRQLSHUOH]RQHVLVPLFKH
/HJJH$SULOHQ1RUPHSHULOFRQWHQLPHQWRGHOFRQVXPR
HQHUJHWLFRSHUXVLWHUPLFLQHJOLHGLILFL
0,850LQLVWHURGHOO¶,VWUX]LRQHGHOO¶8QLYHUVLWjHGHOOD5LFHUFD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